INTRODUCTION
As part of the environment, soil may contain many organic compounds of natural as well as anthropogenic origin. The concentrations and toxicity of organic compounds present in such complicated mixtures range very widely and depend also on possible interactions (synergies) among chemicals.
The development of instrumental analysis techniques and the lowering of the detection limit have made it possible to identify new organic compounds that are present in the soil in very low concentrations. The list of the most commonly studied soil pesticide pollutants has been expanded to include polychlorinated biphenyls (PCBs), alyphatic hydrocarbons, polycyclic aromatic hydrocarbons (PAHs), polychlorinated dibenzo dioxins (PCDDs), polychlorinated dibenzo furans (PCDFs) and polychlorinated naphtalenes (PCNs). The continuous introduction of these persistent compounds into the environment has resulted in their accumulation. Depending on how strong the bond is, organic compounds adsorbed on soil particles may migrate down to deeper soil layers and then to ground or surface waters, or they may remain in the surface layer of the soil and, in some cases, end up in plants. These compounds also bioaccumulate in fish and other aquatic organisms.
Polychlorinated naphtalenes (PCNs) are a group of 75 compounds with two condensed aromatic rings substituted with one to eight chlorine atoms. They were synthesized back in the 19th century and used as dielectrics under different names (Halovax (USA), Seekay (UK) or Nibren (Germany)). Some of these compounds have similar toxicity to that of dioxins. Polychlorinated naphtalenes are produced by the combustion of substances that contain chlorine, so the most common PCN source are waste incineration plants. They are also present in commercial PCB mixtures as by-products of synthesis (Y am a s h i t a et al. 2000). PCN quantities found in urban soils range from 0.1 mg/kg to 15.4 mg/kg, while those found in rural soils range between 0.1 mg/kg and 0.82 mg/kg (K r a u s s, 2003).
Polychlorinated biphenyls (PCBs) have similar uses and characteristics to PCNs and include a total of 209 compounds in which one to ten chlorine atoms are attached to the biphenyl nucleus (F a c c h e t t i, 1993). For the sake of simplicity, each of the 209 compounds (congeners) has been assigned a number from 1 to 209 (so-called Ballschmiter-Zell, or BZ, number). In Germany, seven congeners have been chosen as indicators of pollution by PCBs based on the frequency with which a particular congener appears in commercial PCB mixtures. Their BZ numbers are 28, 52, 101, 118, 138, 153 and 180 . PCB concentrations are most oftren correlated with PCN ones, the ratio being 100:1 (K a n n a n et al., 2000). Commercial PCB mixtures go under a variety of names depending on the manufacturer (Arochlor, Chlorexol, Pyralene, Phenoclor, Clophen, Apirolio, Sovol, Delor, Kanechlor). They are used as dielectrics in transformers, hydraulic oils, pesticide synergists, in nonflammable coatings, and in the manufacture of ink and paper. Because of their widespread use, persistence and often improper disposal, PCBs can now be found in all parts of the ecosystem. The PCB content of Bangkok soils was found to be 0.1-1.2 mg/kg (M ü l l e r, 2001).
Polycyclic aromatic hydrocarbons (PAHs) are a group of over 100 compounds made up of condensed benzene rings. They are a product of incomplete combustion of organic substances, coal, gas and wood. Because of their planar structure, these compounds have highly mutagenic and cancerogenic properties. PAH concentrations have often been studied in sediments obtained from ports and near roads. The average PAH content of forest, agricultural and urban soils has been found to 0.05, 0.07 and 1.10 mg/kg, respectively, while that of roadside dust has been determined to be 137 mg/kg (A y a k a et al. 1999). The total PAH content of Bangkok soils has been found to range from 47 to 140 mg/kg (M ü l l e r, 2001).
The source whose combustion produced PAHs can be determined by studying PAH residues in soil or some other matrix and by defining relationships among the PAHs concerned (Z o u et al. 2003) .
PCN, PCB and PAH concentrations in all soil types are interrelated and dependent on human activity. The highest concentrations are those found in urban areas and gardens. Agricultural soil is polluted by PAHs via particles from the air. Also, the low-molecular-weight fraction of these compounds is more often found in agricultural soils than in urban ones because of greater evaporability and easier transport by air (K r a u s s, 2003).
Pesticides commonly used in plant protection form a large group of diverse compounds (there are 242 active ingredients currently registered in Serbia and Montenegro alone) that come into contact with the soil. Besides the compounds, the products of their decomposition can often be found as well (4,4'-DDT and 4,4'-DDE, 4,4'-DDD, glyphosate and AMPA, atrazine, desethylatrazine, desisopropylatrazins and different hydroxy derivatives of atrazine). DDT (which is no longer in use since the 70s) and its metabolites are very persistent compounds and as such can be found in soil in significant quantities years after they were last used.
The Institute of Field and Vegetable Crops in Novi Sad began monitoring the presence of pesticides (as the first major group of organic compounds) in the soil in 1991, when the Ministry of Science and Technology of the Republic of Serbia and the Fund for Soil Protection. Utilization, Improvement and Management of the Republic of Serbia financed the first such research project. In order to make the initial assessment of the status of soils in the Vojvodina Province, 1,600 soil samples were taken in total, 926 of which were analyzed for the presence of persistent pesticides (15 organochlorine and 4 triazine ones) and products of their degradation.
A study of PAHs was prompted by the NATO bombardment of Serbia and Montenegro that took place in 1999 in which large amounts of oil were set on fire at the Novi Sad oil refinery as a result of repeated bombing. In order to determine if any soil pollution occurred in the area as a result, soil from the Rimski Šanåevi Experiment Field of the Institute of Field and Vegetable Crops was studied for the presence of PAHs.
As it is known that the highest PAH concentrations are found in urban areas and near roads, gardens in the city of Novi Sad were studied for PAH presence during 2000 and 2001. Almost all of these compounds were found to be present, especially in suburban areas and on the outskirts of the city, where conventional heating methods are the most common source of PAHs. The total PAH content was somewhat higher in 2001 than in 2000.
In soil studies conducted in 2001, which were financed by the Executive Council of the Vojvodina Province, 50 samples of agricultural soils of Vojvodina were investigated. In 2002, 11 additional samples of soils near industrial sites were studied.
MATERIALS AND METHODS
Pesticide extraction was done using supercritical extraction accompanied by gas chromatography (V e r e š b a r a n j i et al., 1993), while soil PAH extraction was performed by the US EPA 3540C and 3630C method. The extraction of 16 PAHs from the soil was carried out by a glass apparatus according to Soxhlet in the following manner: soil and sediment were extracted with and 100 ml methylene-chloride for 24 hours. The extract was reduced to 2 ml and dissolved in cyclohexane to 5 ml volume. The resulting extract was purified on a silica gel column. PAHs were eluted from the silica gel column with 25 ml of methylene/pentane mixture (2:3), reduced till dry and dissolved for analysis in acetonitrile. The acetonitrile extract was analyzed by gas chromatography (HP1100) with peak identification using a diode array detector (DAD). The C-18 column was used with acetonitrile/water gradient. Table 1 shows the results of the study of organochlorine pesticide residues found in the 926 soil samples from the Vojvodina Province and 19 soil samples from the Novi Sad municipality. As we can see, the average contents determined in the study were much lower than those reported in the foreign and domestic literature, i.e. than the threshold values (Š o v l j a n s k i et al. 1989), The level of DDT and its metabolite was found to be higher in the urban soils of Novi Sad (19 samples, DDT + metabolites = 53.69 mg/kg) than in the agricultural soils (926 samples, DDT + metabolites = 10.77 mg/kg) ( Table 1) . This is probably a result of actions by uninformed individuals who continued to use DDT in their home gardens in excessive doses even after the substance was banned. Among the triazine herbicides that were studied, the most important were atrazine residues in the soil. Atrazine residues are analyzed on a regular basis at the Laboratory for Agroecology. Depending on precipitation and temperatures, the atrazine used for maize protection may be retained in the surface layer of the soil in a quantity phytotoxic to the following crop. The atrazine tests are necessary in droughty years and may prevent major losses. Table 3 shows the results of multiyear studies of atrazine residues in the soil. By comparing the results from Table 3 with the maximum tolerable levels for sensitive crops shown in Table 4 , we can see that atrazine is very often present in our soils in phytotoxic concentrations. 
RESULTS AND DISCUSSION
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The results of our study of PAH content at the Institute's experiment fields have been already published (P u c a r e v i ã et al., 2000). A total of 42 soil samples were studied. The average PAH content was 0.173 mg/kg, ranging from 0.056 to 1.022 mg/kg. Of the 16 PAHs analyzed in total, only four were found to be present -naphthalene, chrisene, fluorene and pyrene. The general conclusion was that no accumulation of by-products of combustion occurred at the Institute's fields due to favorable winds.
The results of the next PAH study are shown in Table 5 . Analysed in the study was the PAH content of nonagricultural soils, soils in the municipality of Novi Sad (two-year results), and soils located near industrial facilities. The average PAH levels are presented in Table 5 in ascending order. As we can see, the levels of these compounds are the lowest in soils that are neither agricultural nor industrial. As the samples of nonagricultural soils were taken from nature reserves, where human activity is minimal, the PAH content of those soils was minimal as well. The agricultural soils (50 samples) tested in 2001 had more total PAHs than the soil from trial fields analyzed in 2000. This may have been a result of the use of agricultural machinery that requires large amounts of oil to run, but it also may have been due to the fact that the plots studied in 2001 were in closer proximity to roads. The results for the soils in the vicinity of industrial facilities indicate that industry is a major source of PAHs and that it contributes to soil pollution by these compounds. The highest PAH content among the industrial soils was found near an accumulator-manufacturing plant in Sombor.
Our Table 6 shows the results of PAH content study for the purpose of characterization and management of soils to be used for the production of safe food. The results of these studies showed that most of the soils were suitable for the production of safe food in accordance with organic production guidelines (Official herald of SRJ 51/2002). The only exceptions were three soil samples taken from sites near Novi Kneÿevac, which had increased total PAH levels.
CONCLUSION
-The levels of residues of persistent organochlorine pesticides and their metabolites found in the soil under study are such that they require no special measures to be taken -The study of soil pesticide residues should be expanded to include study of the presence of new persistent compounds that are used in plant protection or in large quantities.
-The maximum atrazine concentrations found in the soil in our study were within the limits of phytotoxicity to sensitive crops, ranging from 0.0005 to 0.8 mg/kg.
-The level of DDT and its metabolite was found to be higher in the urban soils of Novi Sad (53.69 mg/kg) than in the agricultural soils (10.77 mg/kg).
-Total PAH content was lower in the nonagricultural soils (0.83 mg/ kg) and higher in the urban soils (4.55 mg/kg and 5.48 mg/kg) and soils situated near industrial facilities and roads (6.64 mg/kg) -Almost all of the PAHs tested for were found in the soils from the municipality of Novi Sad. In suburban areas and on the outskirts of the city, the PAH content was higher because of the use of conventional heating methods, which are the most common source of PAHs. The total PAH content was somewhat higher in 2001 than in 2000.
-The study of soil pesticide residues should be expanded to include study of the presence of PCBs, PCNs, PCDDs and PCDBs, since these compounds are present in the environment according to the literature.
